Introduction
Monovalent vaccines administered to volunteers in selected age groups in the mid-1950s established the haemagglutinin relationships among the then known human influenza A viruses -HswlNl, HoNI, and HN1L Jensen et al., 1956; Davenport, Hennessy and Francis, 1957) . This study reaffirmed the 'doctrine of original antigenic sin' as the most adequate explanation for the observed phenomenon of anamnestic response in previously acquired antibodies and, most especially, in antibodies to the initial influenza A virus infection of childhood (Francis, Davenport and Hennessy, 1953; Francis, 1955) . A similar study has not been designed since the emergence of H2N2 in 1957 and H3N2 in 1968. Special impetus for such an investigation was the observation in both 1957
and 1968 that infection and immunization with H2N2 or H3N2 produced less than the predicted anamnestic response in H1Ni antibody (Hilleman et al., 1958; Marine, Workman and Webster, 1969; Suto and Morita, 1969) . Also, since 1968 the haemagglutinin interrelationships between H2 and H3 have become clarified and established This vaccine study was designed and executed in the summer of 1971 to replicate in part the study of the mid-1950s by Davenport and Hennessy (1956) , and to extend the observations to include vaccines with the H2 and H3 haemagglutinins. The results confirm the original observations, but also establish the lack of anamnestic antibody response and haemagglutinin relationship between the influenza A viruses circulating between 1918 and 1957 and those circulating between 1957 and 1977 .
Materials and methods
Detailed description of the vaccines used, study population, immunization procedure and antibody determinations were included in a previous paper and will be summarized only briefly here (Marine and Thomas, 1973 . Each serum antibody titre was adjusted so that the 50/50 serum/virus mixture had an end point of 1: 2 and was defined as containing 2 HI antibody units.
Results

Primary infection age cohorts
Previous influenza A experience for each of the age groups as reflected by pre-immunization sera is summarized in Fig. 1 Fig. 1 Monovalent vaccine potency
The age-related nature of the response to these vaccines has been reported previously (Marine and Thomas, 1973) . Figure 2 summarizes and underscores the potency of these vaccines in the 6-43-year age group. Two-fold or greater homologous antibody response was noted in 89-99%, and 4-fold or greater antibody response occurred in 51-89%. 
Discussion
It is proposed that these immunization studies taken together with a number of already published reports lead to the conclusion that there are 2 original antigenic sins to influenza A viruses. Leichtenstern (1896) first proposed the concept of families of influenza. Masurel and Mulder (1962) reinterpreted this hypothesis to mean that there are two 'eras' of influenza A viruses. Salk (1952) and Dav port and proposed the concept of recycling of influenza A viruses. The demonstration of recycling in the same sequence for Ha and H3 viruses by Masurel and Marine (1973) led them to repeat the earlier prediction by Masurel (1968) that swine influenza would recur. Now there has been a pandemic recurrence of H1NI in the form ofA/USSR/77. Therefore, a previous pandemic strain of influenza A virus has for the first time been reisolated in humans. Thus, we are observing the recycling of a family of influenza A viruses absent from man since 1957, just as the isolation of H2N2 in 1957 heralded the recycling of a family of influenza A viruses that dominated the world from 1889 to 1918.
Sero-epidemiological studies of influenza have yielded great insights into its epidemiology (Shope, 1936; Francis et al., 1953; Mulder and Masurel, 1958; Davenport and Hennessy, 1958; Masurel and Mulder, 1962; Schild and Stuart-Harris, 1965; Masurel, 1969; Marine and Workman, 1969) . The profile of antibodies in Fig. 1 (Shope, 1936; Stuart-Harris, 1970) . For both the HoN1 and H1NI age cohorts, the H2N2 GM titre was highest, suggesting that anamnestic response in the Ho and H1 antibody had not occurred following H2 and H3 infection. The fact that both Ho and H1 had followed Hsw1 could explain the very high HswI titre.
The immunization studies by age cohort objectively demonstrate that anamnestic response occurs within the family but not between families. It is the consistency of the findings that is most convincing.
In the Hsw1N1 age cohort, neither H2 nor H3 vaccine stimulated Hsw1NI antibodies (Fig. 3) . (Fig. 4) . In the H1N1 age cohort, there was marked response in H1N1 antibody after Ho vaccine with no response following H2 and H3 vaccine (Fig. 5) . In the H2N2 age cohort, good response in H2 antibody followed H3 vaccine, with only slight response after Ho and H1 vaccine (Fig. 6 ). Finally in the H3Ns age cohort the strong interrelationship between H2 and Hs was further emphasized (Fig. 7) . It is important to note, also, that the H2 and H3 interrelationships remain when haemagglutininspecific recombinants are used. These interrelationships are further documented with the antibody absorption studies using haemagglutinin-specific recombinants (Table 2) .
These immunization and special antibody absorption studies complement the antibody absorption work of Morita et al. (1972) 
